Objectives. Negative effects of osteoarthritis (OA) like pain and depression interfere with an individual's sleep quality. The main objective of this study was to investigate the prevalence of poor quality of sleep in individuals with OA in Taiwan and identify potential predictors. A secondary objective was to examine agreement between objective and subjective measures of sleep quality.
Introduction
Osteoarthritis (OA) is a common musculoskeletal condition and as the population ages, it is becoming more prevalent (Arden & Nevitt 2006) . Pain and reduced physical function are the main symptoms of OA (Hawker et al., 2008; McHugh et al., 2008) . Evidence suggests psychological distress, including anxiety and depression is often increased due to pain from OA (He et al., 2008; Somers et al., 2009 , Verter et al., 2008 . There is also evidence that poor quality of sleep is also associated with frequency and duration of pain (Davis, 2003) .
Following a review of the literature, few studies were identified investigating how quality of sleep is affected in individuals with OA, and those identified were conducted in Western countries. These studies show that sleep complaints are more common in those with higher pain from their OA (Fujita et al., 2006; Hawker et al., 2008; Woolhead et al., 2010) or poor physical functioning . Sleep patterns in patients with OA pain are fragmented with more sleep disturbance (Taylor-Gjevre et al., 2011) .
Poor sleep quality appears to have an accumulative effect for patients with OA (Allen et al., 2008) .
Weekly changes in pain are associated with number of nights with sleep interference (Hutchings et al., 2007) . Poor sleep also appears to have an association with anxiety (Woolhead et al., 2010) and depression Murphy et al., 2011; Wilcox et al., 2000) . However, normal levels of anxiety and depression has also been found in OA patients with a higher level of pain and sleep disturbance (Stebbings et al., 2010) . Poor mental health and health-related quality of life (HRQoL) are associated with poor quality of sleep in patients with OA (Taylor-Gjevre et al., 2011) . Studies also show that mental health may worsen when the quality of sleep is poor (Somers et al., 2009; Veldhuijzen et al., 2008) .
The study population of interest are Taiwanese and there have only been two studies in older Taiwanese people with OA which assessed pain, control beliefs, coping strategies (Tsai et al., 2008) and depressive tendencies (Tsai, 2007) . These studies provide limited information on quality of sleep in individuals with OA. Therefore, the main objective of the study was to investigate the prevalence of poor quality of sleep and identify predictors of quality of sleep in individuals with OA in Taiwan, with a secondary objective to examine agreement between objective and subjective measures of sleep quality. The review of the literature indicated that OA patients with more pain, reduced physical functioning, poorer mental health and poorer HRQoL were more likely to have sleep problems, so relevant measures of these outcomes were considered as potential predictors. As the study was to be carried out in a community setting, appropriate confounding variables such as age, gender and the taking of analgesics or sleep medication were also considered.
Methods
A cross-sectional survey was conducted to investigate subjective quality of sleep and identify its predictors in Taiwanese outpatients with OA. In a secondary study, quality of sleep was measured objectively in a sub-sample of participants. This was as treated as a feasibility study, given the costs and setting, with subjective and objective measurements compared to assess potential agreement. Data collection was completed in March 2011.
A convenience sample of patients were recruited from musculoskeletal and rehabilitation out-patient clinics from a large hospital in Taiwan. Patients were included in the main study if they: (1) had a diagnosis of OA from radiographic evidence; (2) were over 40 years of age, and (3) lived in the community in Taiwan. Participants were invited to complete a self-administered questionnaire. Those living close to the hospital were also asked whether they would like to take part in the secondary study, which involved wearing an Actigraph sleep monitor on the wrist to measure sleep objectively over a three day period. Proximity to the hospital was required as the Actigraph monitors were collected by the researcher from participants after the third day. Previously, a study has used a wrist Actigraph to measure sleep in individuals with other musculoskeletal disorders and this approach was deemed feasible with accurate sleep data being recorded (Goodchild et al., 2010) .
Written consent was obtained from each participant. Ethical approval was obtained from the Institutional Review Board of China Medical University Hospital (DMR99-IRB-091) and the University of Manchester (10/1044/NMSW).
The primary analysis in this study was multiple regression, which was used to model the prediction of subjective quality of sleep. Sample size for multiple regression is decided by the recruitment rate, the attrition rate and the number of explanatory variables in the regression model (Miles and Shevlin, 2001 ).
For models with up to 15 explanatory variables with 5% significance, 80% power, moderate effect sizes, an 80% recruitment rate with 10% incomplete data, 237 participants needed to be approached in order to recruit 190 for the main study and to have at least 170 with complete data for analysis. For the secondary study, the measurement of objective sleep quality, the sample size was set at 30, which was sufficient for the reliable estimation of statistical parameters (Lancaster et al., 2004) .
Data for the main study were collected using a self-administered questionnaire (in Mandarin Chinese) asking for information on demographics, clinical and medication, and incorporating Mandarin Chinese versions of four validated instruments to measure sleep, OA symptoms, anxiety and depression and health-related quality of life (HRQoL).
The Pittsburgh Sleep Quality Index (PSQI) was used to measure subjective perception of sleep quality and pattern of sleep (Buysse et al., 1989) . The questionnaire consists of five open-ended and 14 closed questions on sleep (Likert scale, 0-3), with seven components: subjective sleep quality, sleep latency (two items), sleep duration, habitual sleep efficiency (three items), sleep disturbance (nine items), the use of sleeping medications, and daytime dysfunction (two items). The global score is the sum of the seven components, ranging from 0-21, higher scores representing a poorer quality of sleep. In addition, the global PSQI can be used to discriminate between good sleep (≤ 5 points) and poor sleep (> 5 points) (Buysse et al., 1989) . The scale has demonstrated a high degree of internal consistency (Cronbach's alpha 0.83), as well as good sensitivity (89.6%) and specificity (86.5%) in adults (Buysse et al., 1989) . The Chinese version of the PSQI has been validated for use (Tsai et al., 2005) . The Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) was used to assess pain, stiffness and physical activity for patients with hip and knee OA (Bellamy et al., 1988) . Its global score ranges are 0-500 for pain, 0-200 for stiffness, and 0-1400 for physical functioning using the visual analogue scale (VAS). The VAS score can be normalised to correct for variation in subscale length, resulting in a score in the range 0-100 (Bellamy, 2009) . A higher score means more severe pain, a higher level of stiffness, or worse physical functioning. The Chinese version of WOMAC has been validated for use and has an internal consistency of Cronbach's alpha for stiffness and physical function over 0.70 (Chou and Liu, 2007) . The Hospital Anxiety and Depression Scale (HADS) is a questionnaire was used to measure potential depression and anxiety (Zigmond and Snaith, 1983) . Each item in the 14-item scale is scored from 0 for the best response to 3 for the worst response. Seven items give a score for depression, the other seven for anxiety, each subscale score ranging from 0-21. Both the internal consistency and reliability of the English version and Chinese Version of the HADS have been demonstrated (Zigmond and Snaith, 1983; Leung et al., 1999) . HRQoL was assessed by the Short Form-36 Health Survey version 2 (SF-36v2) (Ware and Sherbourne, 1992) . The scale has eight domains: physical function, role limitations because of physical health problems, bodily pain, general health perception, general mental health, role limitations because of mental health problems, social functioning, and vitality. The SF-36v2 enables norm-based scoring for HRQoL in the general population with a mean of 50 and standard deviation of 10 (Ware, 2000) . The SF-36 Taiwanese version has acceptable internal consistency and reliability (Lu et al.,2003) .
Piloting of the procedures and questionnaire was undertaken with 30 participants resulting in one minor change to the questionnaire. Most participants in the main study completed their questionnaire in the hospital, while a minority completed them at home and then returned them to the researcher.
The participants who agreed to use the Actigraph sleep monitor were provided with an explanation how to use it. It was similar in size to a wristwatch, and electronically recorded sleep latency, waking time after sleep onset, number of times awakening, total sleep time and sleep efficiency (the percentage of time the wearer slept while in bed). The researcher went to participants' homes to collect the monitors after the third day. There were only three wrist Actigraphs available so this limited the process of recruitment.
Statistical analysis
Data were analyzed with SPSS TM Release 16.0 (SPSS, 2008) . Distributions were assessed for normality in order to decide on statistical methods to be used for inferential analysis (Field, 2009) , and they were found to be non-normal. Descriptive statistics were used to summarize characteristics of participants and validated measures of quality of sleep, pain, stiffness, physical function, emotional health and HRQoL.
Confidence intervals were used for reporting the precision of sample means. Twenty variables were initially considered for the primary analysis, linear regression modeling, because the p-value of their association with global quality of sleep satisfied p < 0.25 (Hosmer and Lemeshow, 2000) . Six categorical variables (gender, marital status, education level, use of analgesics, use of sleep medication, and severity of OA) were each converted into a binary dummy variable. In preliminary explorations, some subscale scores tended to interfere with each other and appeared to show no contribution to quality of sleep when included in the same model, even though individually they were all highly significant predictors (p < 0.001) and there was no statistical evidence of multicollinearity (Pearson's r ≤ 0.80, tolerance ≥ 0.10). Underlying concepts were considered carefully and subscales were excluded where there was a theoretical overlap, with more specific subscales retained. Finally, 12
predictors of quality of sleep considered to be important were included in multiple linear regression modeling, with variables included hierarchically. Demographic variables were included in Model 1;
clinical variables were added in Model 2; and scores from validated tools were added in Model 3. Four essential regression assumptions (lack of multicollinearity, linearity of relationships between predictors and the dependent variable, equality of variance of residuals, and normality of residuals) were assessed (Field, 2009 ) and appeared to be satisfied.
Results
Of 240 patients initially considered to be eligible for the study, 13 did not meet the eligibility criteria: six resided in nursing homes, four had language difficulties because they were South Asians, and three had cognitive impairment. The remaining 227 were approached to take part. The first 32 patients were approached for the pilot study and 30 agreed to take part (response rate: 93.8%). Of the remaining 195, three refused with 192 completing the main study (response rate: 98.5%). The target of 30 participants for the secondary study was achieved. physical and mental health components were below the norm of 50, confirming that the participants were below average in physical and mental function. The only statistically significant difference between the Actigraph users and those not participating in that part of the study occurred for HADS depression score.
Characteristics of participants
Those who volunteered had a significantly different depression score (p = 0.036), but the actual difference in medians was small (Actigraph median = 3.5, non-Actigraph median = 5).
Quality of sleep
The mean global PSQI score was 9.0 (SD 4.5) ( Table 2 ). Most participants (n = 135, 70.3%, 95% CI 64.5%
to 76.3%) had poor subjective quality of sleep (global PSQI > 5). Two components of the PSQI (sleep quality and sleep latency) had a mean of 1.7, reflecting more serious sleep problems, Participants' subjective sleep latency (the time taken to fall asleep) had a median of 25 minutes, the median subjective total sleeping time was 5.0 hours, and the median subjective sleep efficiency (the percentage of time in bed spent asleep) was 80.6%.
Complete objective sleep data were collected from all 30 participants in the secondary study. The median objective sleep latency was 12.2 minutes, median objective total sleeping time was 7.0 hours and the median objective sleep efficiency was 90.3%. Comparing subjective with objective responses (Table 3) , there were only moderate correlations between subjective and objective measures of both sleep latency and sleep efficiency (not statistically significant in this small sample), and no apparent correlation between subjective and objective total sleeping time. Participants significantly overestimated the time it took them to fall asleep (although the median difference was only 6 minutes), and significantly underestimated both the length of time (by a median of 1.2 hours) and the percentage of time in bed that they were asleep (by a median of over 10%).
Factors associated with subjective quality of sleep
There was a significant correlation between global PSQI score and age (p = 0.009) indicating that quality of sleep in older participants was poorer than in younger participants (Table 4) . Female participants reported a poorer quality of sleep than males (p = 0.033). Participants with lower levels of education had poorer quality of sleep than participants with higher levels (p < 0.001). For severity of OA, means of the global PSQI score for participants were 6.7 in the 'mild' group, 10.1 in the 'moderate' group, and 11.9 in the 'severe' group (p < 0.001). Subjective quality of sleep in participants who were taking analgesics or sleep medication was significantly poorer than in participants who were taking no medication (both p < 0.001). Associations between the global PSQI score and marital status, number of co-existing chronic illness, and use of medication for mental health were not statistically significant. In terms of associations between measures, there were highly significant correlations between the global PSQI score and the three WOMAC subscales, HADS subscales (anxiety and depression), and the eight SF-36 subscales (all p < 0.001).
Predictors of subjective quality of sleep
In multiple regression analysis (see Table 5 ), Model 1 (demographic variables only) showed a significant overall association with subjective quality of sleep (p = 0.001, adjusted R 2 = 7.1%), although 
Discussion
This study found poor subjective quality of sleep in individuals with OA in Taiwan. The mean PSQI score of 9.0 (SD 4.5) was higher than an accepted normal cut-off of 5 (Buysse et al., 1989) and 70.3% of participants had global quality of sleep scores indicative of poor quality of sleep. Three previous studies also reported a higher prevalence of poor sleep quality in different OA population Parimi et al., 2012; Taylor-Gjevre et al., 2011) . Of the PSQI components, sleep quality, sleep latency and sleep disturbance were the three with the highest mean scores (worst outcomes) in the present study. The ranking was similar but not identical to those in two other studies Taylor-Gjevre et al., 2011) , which also differed slightly. Comparisons were difficult due to age and gender differences between the populations Our study supports the findings of Wilcox et al. (2000) : as age increased, subjective quality of sleep scores increased, indicating poorer sleep quality. Our study found a higher percentage (79.2%, n=130) of participants 65 years or older had a global PSQI score greater than five, compared to a Canadian study by Taylor-Gjevre et al. (2011) who found in their study population that 67% of OA patients had PSQI scores greater than 5. Accepting that poor quality of sleep was defined in different ways, our prevalence appeared to be much higher in older people with OA compared to older people in the general population in Taiwan. Females had a higher mean global PSQI score compared to males, similar to Hawker et al. (2010) . Subjective quality of sleep among participants with a lower education level was worse than among those with a higher education level in our study, agreeing with a study in the USA (Wilcox et al., 2000) . Subjective quality of sleep in participants with severe OA was worse than that of those with mild OA, agreeing with a study of Japanese patients with end-stage OA (Koyama et al., 2007) . Levels of pain and physical function in our study were mild-to-moderate and our study agreed that quality of sleep was significantly worse in those who had OA pain (Koyama et al., 2007; Murphy et al., 2011) or poor physical function .
Results from the comparison of subjective and objective sleep measures in 30 participants were promising.
Allowing for pessimistic overestimations of sleep latency and underestimations of total sleep time, the subjective measures of sleep quality appeared to be valid in the population of individuals with OA in Taiwan. However, the analyses would need to be repeated with a larger group to explore the comparison in greater detail and improve the generalizability of the findings.
This study demonstrates that the Actigraph sleep monitor could be used to measure objective quality of sleep in individuals with OA in Taiwan versus 87.9%). The Actigraph has also been used with other musculoskeletal disorders to measure quality of sleep and its relationship with daytime fatigue (Goodchild et al., 2012) .
Higher levels of pain, poorer physical function, and poorer emotional health were associated with poor subjective quality of sleep, as was poor health-related quality of life. There were no comparable studies of the relationships between quality of sleep and these factors for Taiwan, but findings generally agreed with those from studies in other countries. In the current study, 87.0% of participants had trouble sleeping at least once to more than three times a week because of their OA pain. Although their level of pain was mild-to-moderate, it significantly affected quality of sleep. High or moderate-to-severe levels of pain were found in other studies using the English version of the WOMAC (Bachrach-Lindström et al., 2008; Hawker et al., 2010; McHugh et al., 2008; Parimi et al., 2012) or the Korean version (Kim et al., 2011) .
Participants were elderly, had end-stage OA or were waiting for joint replacement surgery in those studies, different populations to the one accessed in the current study. A previous study in Taiwan assessed the level of pain in patients with knee OA as mild-to-moderate (Lai et al., 2007) . Pain levels were slightly lower than this study, although in both studies, participants were recruited from large hospitals in Taiwan that included specialist medical centres, and the severity of OA in participants was mild-to-moderate as diagnosed by radiography.
Although pain is a physical sensation common to all individuals, reactions to pain may differ according to culture and custom (Calliste, 2003) . Most of the participants in our study followed a traditional religion and not Buddhism or Taoism. Different levels of pain were self-reported by our study participants compared with western studies (mild-to-moderate vs moderate-to-severe). Many Chinese may believe that pain is caused by an imbalance of "Yin" and "Yang" and tend to treat their pain by traditional methods, such as the use of Chinese medicine or acupuncture. Others prefer to perform religion ceremonies to eliminate pain before they contact a medical doctor . Two Taiwanese studies (Tsai, 2007; Tsai et al., 2008) reported that most patients with OA tried to ignore or tolerate their pain, although it interfered with their sleeping.
Participants with higher HADS anxiety and depression scores had a poorer subjective quality of sleep, agreeing with the findings of other studies (Allen et al., 2008; Hawker et al., 2010; Woolhead et al., 2010) . This held even though participants did not appear to present problems with psychological distress, anxiety or depression in the current study. Culture may have an impact on anxiety and depression in the Chinese population, whether they come from the mainland, Taiwan or Hong Kong (Li et al., 2012; Lin, 1983; Parker et al., 2001) . The prevalence of depression and anxiety, in the Chinese population tends to be lower than the generally assumed rate in western countries (Li et al., 2012; Lin, 1983; Parker et al., 2001 ). There may be several reasons for this. First, there is a more supportive family system in Chinese society, as most Chinese live within a larger family unit and in neighborhoods where people know each other, so there will be a better family and social support system in Chinese society than in western societies. Thus, there may be more mature help available through an extended family or neighbourhood, and more friendship available for those who are under stress in Chinese society (Parker et al., 2001; Wing, 2000) . In our study, the majority of participants lived with their family in Taiwan. Second, Chinese show different help-seeking behaviour to westerners (Parker et al., 2001 ).
The association between subjective quality of sleep and the psychological dimension of HRQoL in the current study agreed with that in a previous study (Taylor-Gjevre et al., 2011) , but the association between quality of sleep and the physical dimension did not. As this was an observational study, all factors potentially affecting subjective quality of sleep in participants with OA were included in the regression models to reflect the true situation. Taking sleep medication was the strongest direct potential predictor, followed by SF-36 role-physical, HADS anxiety, SF-36 social functioning, WOMAC pain, not having had a secondary education, and taking analgesics. Interestingly, taking sleep medication was negatively associated with quality of sleep: participants taking sleep medication had a worse quality of sleep. In practice, sleep medication is commonly used by people with a poor quality of sleep in Taiwan, including patients with a chronic disorder such as OA. This was an observational study, and all factors potentially affecting the quality of sleep in participants with OA were included in the statistical models to reflect the true situation. In this study, sleep medication was found to be the strongest predictor of poor quality of sleep. Sleep medication is not a causal factor in predicting sleep quality, but its inclusion allowed the relationships between other factors and sleep quality to be estimated while being adjusted for sleep medication. It had to be included in the regression model otherwise the results could have been distorted.
The assessment of sleep medication is often difficult as sometimes individuals may not take it regularly only when they feel it is required as there may be issues with dependency.
Relationships between potential predictors were revealing, with age appearing to affect severity of OA and social functioning. Being female appeared to affect anxiety, level of education and social functioning;
and severity of OA appeared to have a strong impact on pain, which itself had a strong impact on physical function (physical role limitations). Both pain and physical function were strong predictors of subjective quality of sleep, so as might be expected, increased OA pain appeared to be a strong cause of poor quality of sleep, either directly, or indirectly through reduced physical function. Interestingly, OA pain did not appear to be causing anxiety in the participants when adjusted for gender and depression. Further research is needed to develop a conceptual model relating predictors of subjective quality of sleep in participants with OA.
Strengths and limitations
The study had a number of strengths. The sample size for the survey was achieved with an excellent response rate, optimizing the statistical power while minimizing potential selection bias. Completion of the questionnaires was high and the use of validated measurement tools strengthened the study.
Confounding influences were present given the cross-sectional design but multivariable analyses were used to statistically control for known factors. One of the main limitations of the survey was the type of sampling used but due to the logistics of recruiting participants by one researcher at clinics, convenience sampling was used. The feasibility study measuring objective quality of sleep only had a small sample size, and caution needs to be taken when interpreting the findings. Individuals volunteered to take part in this part of the study and were selected for convenience of location to allow the researcher to collect the monitors afterwards. In addition, just having three Actigraph monitors available presented logistical issues in conducting this part of the study. None of those wearing the Actigraph monitors reported any problems and all Actigraph data were successfully collected.
Conclusions
This study has found a high prevalence of poor quality of sleep among individuals with OA in Taiwan, which was higher than a previous Canadian study (Taylor-Gjevre et al., 2011) . A number of factors affect quality of sleep, such as osteoarthritis symptoms, anxiety, depression and social functioning. Predictors of poor quality of sleep included increased physical role limitations, higher anxiety, poorer social functioning, higher levels of pain, taking analgesics, and having a lower level of education. Health professionals need to discuss sleep issues with individuals with OA, perhaps by assessing their medication requirements and providing appropriate advice for reduced night time pain which may interfere with sleep. 
